The aim of this paper is the evaluation of capability of roughness measuring device SURFCOM 1900SD3.
INTRODUCTION TO ISSUE
The aim of this paper is the evaluation of capability of roughness measuring device SURFCOM 1900SD3 by Carl Zeiss company which is world leader in industrial measuring equipment. Device often participates on various exhibition events where it is disjointed and repeatedly assembled in laboratory. It is therefore exposed to many adverse effects that may influence its capability. Because of these facts, it was necessary to determine whether the device is capable to perform measurements.
To achieve this objective, it was necessary to carry out an experiment that aimed to obtain statistical values cg, cgk -characteristic coefficients for determine capability of device, system respectively. To calculate these characteristic values, was necessary to obtain specific measured values of arithmetic mean deviation of the profile Ra, corresponding to each measurement. In order to perform experimental work it was necessary to calibrate the device.
Gauge sample with the reference value of roughness Ra 6.0 µm served to the set of measurements. For the capability evaluation was determined tolerance zone ± 0.5 μm by Carl Zeiss application technician.
Device description
SURFCOM 1900SD3 device is situated at accredited Measuring and Training Center Carl Zeiss in Trnava, Slovakia. This device is defined as the combined easy-touse measuring station for the contour and texture measuring.
Maximum permissible error MPE for this device is ± 2 % at 20 µm groove. Device uses inductive measure-ment principle with resolution 0.1 nm on measuring range 6.4 µm and 20 nm on measuring range 1000 µm, total measuring range of device is 1000 µm.
SURFCOM contains tool, which is the sensing arm with diamond tip, through which the device records the surface structure. Tip radius is 2 µm and measuring force is 0.75 Nm.
The preparation, namely rotary vice, fix the position of gauge sample in coordinate system and prevents any movement of this sample. 
PROPOSAL OF THE EXPERIMENTAL WORK
The aim of experimental work was, as already mentioned, the obtaining of sufficient number of relevant values for the evaluation of capability of roughness measuring device. Statistical values obtained by experiment shall be considered as a quality characteristic, which were, in this case, indirectly measured in relation to specific surface parameter measurement. During measuring the gauge sample was necessary to keep required measurement settings and requirements determined by method of repeatability of measurements.
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Measurement conditions
The method of repeatability of measurements, which was applied during experiment, provides a clear measurement conditions which have to be complied to achieve credible measurements assessment. Measurement conditions were proposed before starting the measurements and they were constant for each one. Measurements were performed by one operator during short time intervals in appropriate laboratory environment conditions with air temperature 20 °C and humidity 60 %.
Measurements were carried out according to STN EN ISO 4287:1997 (Geometrical Product Specifications (GPS). Surface texture: Profile method -Terms, definitions and surface texture parameters). Surface roughness was measured on length of 6 mm by method of traction -start/return, the measurement range was ± 500 µm and measurement speed 0.150 mm/s. The measuring arm with diamond tip detected roughness in downward direction.
Obtained values had to be filtered by appropriate type of filter for getting the real values of roughness. For these measurements was used Gauss filter with wavelength λc = 2.5 mm and cut-off wavelength ratio λc / λs = 300. Surface profile description was made using least square method, standard sensor was used and
Procedure of experimental work
For evaluation of roughness measuring device, 30 measurements on the gauge sample with exactly determined value of arithmetic mean deviation of the profile Ra.
The overall procedure of experimental work was fulfilled by prescribed standards of Zeiss:  Clamping of the roughness measuring unit which was calibrated before measurements.  Clamping of the gauge sample to rotary vice on graphite table.  Setting the sensing stylus to the surface of sample, alignment of stylus to the position (0, 0) in coordinate axis-X using manual control lever. This procedure was carried out before each individual measurement.  After stylus stabilization to this position, measurement started. Sensing stylus of diamond tip has passed the prescribed length of 6 mm and generated the signal which was analyzed as a numerical value -arithmetic mean deviation of the profile Ra. This signal was further processed in hardware unit that filtered measured values and transmit further into the software. The output was in the form of curve of measured profile.  After series of ten measurements, the displacement of measured length of 1 mm in the X-axis was conducted. That was because of avoiding the influence the measured values by possible wear of measured length by frequent measuring.  Following, the capability coefficient of meter cg and the critical value of the capability coefficient meter cgk were calculated. Control chart was generated which served as information if measuring process is statistically mastered. It is a condition for calculation and evaluation of capability of measuring device in terms of normal (Gauss) distribution of the measured values.
THE EVALUATION OF EXPERIMENTAL WORK
The measurement was carried out in company ZEISS -accredited workplace, on the equipment for roughness measurement called Surfcom 1900SD3, which was calibrated before measuring. After each measurement, software ACCTeePro created a graph of roughness profile for specific measurement. In the figure can be seen the profile of measured surface in the vertical 500 × magnification and in the horizontal 38.14 × magnification. Fig. 2 shows, that the measured length was 6 mm.
Figure 2 Roughness profile
On the gauge sample with surface roughness Ra = 6.0 μm was carried out 30 measurements, which can be seen in Table 1 . By the Carl Zeiss company was specified tolerance for this gauge sample 0.5 μm. This measurement is carried out in accordance with all terms and conditions of measurement. The graph, which has been created from measured values of arithmetic mean deviation of the profile Ra, displays the continuance of measured values in the Fig. 3 .
Figure 3 The graph of measured values
The histogram was used as one of the tools of quality management for evaluation of capability. To create a histogram was necessary to divide measured values into intervals. According to the number of measured values were selected 6 intervals. All intervals from interval distribution are in the same width, which was calculated according to the formula for determining the width of interval i. Each interval contains a certain frequency of values. The coefficient of variation of measured values was obtained from the difference between maximum and minimum value from the file:
The width of one interval is:
The number of intervals were calculated according to the formula:
The calculation is rounded to the nearest value. The number of determined intervals of measured values was 6. Collected measured values were divided into intervals, which can be seen in Table 2 . Table 2 Interval distribution On the basis of interval distribution was from measured values created histogram. Figure 4 shows the interval distribution of measured values along with an upper TH and lower TD tolerance limit, and the nominal value of measured sample T0.
Figure 4 Histogram of measured values
By using the histogram was evaluated, that the variability in the measurement process is low, the position of the measuring process is not in the middle of the tolerance field, the process is right-sided centered.
During evaluating the capability of measuring device itself, must be in addition to determine the statistically mastered process also determined, whether the distribution of measured values is in the normal distribution. By using Minitab® 15.1.30.0. was found out, that the data file has a normal distribution of the measured values.
In Figure 5 can be seen the graph of surface roughness Ra on the x -axis from the frequency of the measured values on the y -axis. This graph was created by the software Minitab ® 15. From the calculated values, which the program has, is important value P which determines, whether a set of measured data has a normal distribution. This value must be greater than 0.05. In this case is this condition fulfilled.
As was mentioned in the theoretical part, before the calculation of the required variables, it is necessary to determine the value of the measurement uncertainty. By measurement uncertainty can be characterized the capability of the measuring system. For the evaluation of the measurement system was used calculation of uncertainty measurement, which can be described as the degree of dispersion of the measured values of the measured variable. A calculation of uncertainty of type A was selected for the evaluation. For the calculation was necessary to calculate the standard deviation, which characterizes the dispersion of the measured values. It was calculated according to this formula:
To calculate the standard deviation is necessary to calculate required terms and their total. Intermediate results are shown in Table 3 . 
The aim of the experimental work was to evaluate the capability of measuring device, i.e. measuring of gauge sample with tolerance 0.5 µm. This evaluation was carried out using a method of repeatability, which is implemented using the capability coefficient of meter cg. The result attribute is the critical value of the capability coefficient meter cgk.., which reflects identity, but also measurement bias. Inequality holds cg≤ cgk.. Capability coefficients compare the width proportion of tolerance field with bandwidth variability of the measured values. For coefficients must hold cgk ≤ cg, where cg itself, takes into account only accuracy of measurement, it means, that characterized only the possibilities of process given by variability and cgk takes into account accuracy and also the measurement bias, it means that takes into account variability of process, but also central location of values in tolerance field, characterizes the real capability of gauge instrument. A gauge instrument can be considered as capable if the value of the critical coefficient of gauge instrument capability cgk is greater than cg min. Is given cg min = 1.33
The capability coefficient:
The gauge instrument is capable if the value of coefficient capability of gauge instrument is greater or equal to 1.33. according to this calculation the gauge instrument is assessed as capable, but only from the perspective of identity measurement. The result, including all measured values also gives the information about accuracy and precision of measurement. The accuracy of the measurement was demonstrated by using the capability coefficient, which showed the accuracy and conformity of measurement. Measurement accuracy is given by the rate of conformity of arithmetic mean of measured values, which is in this case m x  0818 . 6  with nominal value of the measured sample xr = 6.0 μm. According to given measured values, measurement can be evaluated as accurate. From the measured values only the one value exceeded 6.0 μm. This value was accidental operator error.
CONCLUSION
The aim of this work was to evaluate the capability of device for measuring roughness Surfcom 1900SD3 by Carl Zeiss Ltd. company. To achieve the objective was done theoretical overview of the subject, which describes in detail all the necessary concepts linked with the specified topic. On the basis of literary study was designed experimental work. The aim of the experimental work was to get the relevant measured values of roughness, from which is by calculation determined the capability coefficient of instrument. On the basis of measured values the device exhibits a relatively high capability, which was determined by the coefficients for the evaluation of capability cg and cgk., according to formulas that are prescribed for the automotive industry.
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